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(57) ABSTRACT

A semiconductor device includes a first semiconductor chip;
an extension formed at a side surface of the first semiconduc-
tor chip; a connection terminal formed on the first semicon-
ductor chip; a re-distribution part formed over the first semi-
conductor chip and the extension and including an
interconnect connected to the connection terminal and an
insulating layer covering the interconnect; and an electrode
formed above the extension on a surface of the re-distribution
part and connected to the interconnect at an opening of the
insulating layer. The electrode is mainly made of a material
having an elastic modulus higher than that of the intercon-
nect. The electrode includes a bonding region where the elec-
trode is bonded to the interconnect at the opening, and an
outer region closer to an end part of the extension. The inter-
connect is formed so as not to continuously extend to a posi-
tion right below the outer region.

8 Claims, 4 Drawing Sheets
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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation of International Application No.
PCT/IP2012/006260 filed on Sep. 28, 2012, which claims
priority to Japanese Patent Application No. 2012-057021
filed on Mar. 14, 2012. The entire disclosures of these appli-
cations are incorporated by reference herein.

BACKGROUND

With function enhancement, the volume of data in systems
such as digital TV sets and recorders has been dramatically
increased. As a result, an increase in memory capacity and a
high data transmission rate have been required for semicon-
ductor memories mounted on the systems.

Examples of semiconductor devices including the forego-
ing semiconductor memories include system-on-chips
(SoCs), each of which is a single chip into which a semicon-
ductor logic circuit chip on which a memory controller is
mounted and a memory are integrated. Moreover, the
examples also include system-in-packages (SiPs) in each of
which a semiconductor logic circuit chip on which a memory
controller is mounted and a memory chip are stacked on each
other and are housed in a single package.

Recently, systems using SiPs manufactured at relatively
low cost have been increased.

For such semiconductor devices, a method using a chip-
on-chip (CoC) technique is employed as a method for elec-
trically connecting the semiconductor logic circuit chip and
the memory chip together. According to such a method, the
semiconductor logic circuit chip and the memory chip are, at
electrodes thereof, directly connected together through metal
protrusions made of, e.g., solder, gold, or copper such that a
circuit formation surface of the semiconductor logic circuit
chip and a circuit formation surface of the memory chip face
each other. This method has been broadly used for the purpose
of increasing a data transmission rate.

A semiconductor device described in Japanese Unexam-
ined Patent Publication No. 2010-141080 (hereinafter
referred to as “Patent Document 17) is an example of the
configuration in which an access from external terminals of a
package to functions of a semiconductor logic circuit chip is
made. That is, electrodes are formed within an outer circum-
ferential region of the logic circuit chip which does not face a
memory chip, and, e.g., wire bonding is used to connect the
electrodes respectively to electrodes formed on an adjacent
substrate through thin metal wires made of, e.g., gold, alumi-
num, or copper.

SUMMARY

In the semiconductor device described in Patent Document
1, the semiconductor logic circuit chip smaller than the
memory chip is stacked on the memory chip. However, a size
relationship between the semiconductor logic circuit chip and
the memory chip varies depending on products.

In the case of a high memory capacity, the memory chip is
larger than the logic circuit chip. In this case, it is necessary to
prepare the logic circuit chip having a size greater than that of
the memory chip. As a result, the number of chips formed
from a single wafer is decreased, resulting in a high cost. The
positions of the memory chip and the logic circuit chip may be
vertically inverted, and the electrodes for wire bonding may
be formed on the memory chip. However, in such a case, it is
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necessary to form a special circuit for wire bonding in an
interconnect region of the memory chip, resulting in lower
versatility of the semiconductor device.

On this point, a semiconductor device 100 including an
extended chip 103 in which an extension 102 extends from an
outer circumferential wall of a logic circuit chip 101, i.e., a
lower chip in a multilayer structure, as illustrated in FIG. 1A
may be used. In the semiconductor device 100, a re-distribu-
tion layer (RDL) 150 including interconnects 151 each elec-
trically connected to a corresponding one of connection ter-
minals 104 of the logic circuit chip 101 is formed over the
logic circuit chip 101 and the extension 102 made of resin at
a surface of the extended chip 103 facing a memory chip (not
shown in the figure). Each electrode 106 for wire bonding is
formed on a surface of the RDL 150 in a region above the
extension 102 so as to be connected to a corresponding one of
the interconnects 151. Since the size of a lower chip is
expanded as described above, packaging can be realized with
high versatility at low cost even in the case of a large-capacity
memory chip.

In the foregoing structure, since part of the semiconductor
device 100 below the electrodes 106 and the interconnects
151 is formed of elastic bodies such as an insulating layer 152
and the extension 102, there is a possibility that the elastic
modulus of such bodies is significantly reduced due to heat, a
load, orultrasonic oscillation upon wire bonding, and then the
elastic bodies are severely deformed. When such deformation
occurs, a load or oscillation is not sufficiently transmitted to
the electrodes 106. Thus, it is necessary, in order to ensure
bondability to the electrodes 106, that a load or an amplitude
upon bonding is increased as compared to that in the case of
bonding to the connection terminals 104 formed on the logic
circuit chip 101. However, under wire bonding conditions of
a high load, deformation or detachment is more likely to
occur in part of the structure right below the electrodes 106
and in the periphery thereof.

As in the elastic bodies such as the insulating layer 152 and
the extension 102, the material (e.g., copper or aluminum) of
the interconnects 151 has such a property that the material is
likely to be deformed due to a load or oscillation. Thus, the
interconnects 151 may also be severely deformed, and great
strain between adjacent ones of the foregoing materials may
occur.

Moreover, in a wiring process, the insulating layer 152
formed below the interconnects 151 are formed by, e.g.,
application using spin coating. As aresult, the insulating layer
152 has less adhesion as compared to other layers, and the
adhesion of the insulating layer 152 is further reduced under
high-temperature environment. In particular, physical dam-
age such as detachment and cracking is likely to occur in the
vicinity of an interface between the interconnect 151 and the
insulating layer 152.

In the electrode 106 described above, a width d1 of an
opening 107 should be, referring to FIG. 1B, obtained by
adding a margin for misalignment in bonding to a width d2 of
aregion 108 required for wire bonding. Moreover, a width d3
of the electrode 106 should be obtained by adding a margin
for misalignment in wiring to the width d1 of the opening 107.
As aresult, it is necessary that the width d1 of the opening 107
and the width d3 of the electrode 106 are greater than the
width d2 of the region 108 where a wire (not shown in the
figure) and the interconnect 151 are bonded together. For such
a reason, it is likely that a pitch between adjacent ones of the
electrodes 106 is increased, and that the size of the extension
102 where the required number of terminals are arranged is
increased.
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On the other hand, a semiconductor device of the present
disclosure includes a first semiconductor chip; an extension
formed so as to outwardly extending from a side surface of the
first semiconductor chip; a connection terminal formed on the
first semiconductor chip; a re-distribution part disposed over
the first semiconductor chip and the extension and including
an interconnect connected to the connection terminal and an
insulating layer covering the interconnect; and an electrode
formed above the extension on a surface of the re-distribution
part and connected to part of the interconnect exposed
through an opening formed in the insulating layer. The elec-
trode is mainly made of a material having an elastic modulus
higher than that of the interconnect of the re-distribution part.
The electrode includes a bonding region where the electrode
is bonded to the interconnect at the opening of the insulating
layer, and an outer region closer to an end part of the extension
than the bonding region is to the end part of the extension. The
interconnect of the re-distribution part is formed so as not to
continuously extend to a position right below the outer region
of the electrode.

According to the foregoing, even in the case of wire bond-
ing for the electrode provided on the re-distribution part
which is formed on the extension made of an elastic body
such as resin, physical damage which may be caused right
below the electrode or in the periphery thereof can be reduced
to the minimum possible, and therefore a highly-reliable
semiconductor device can be provided. Moreover, while con-
nection reliability of the semiconductor device can be
ensured, a space required for electrode arrangement in the
semiconductor device can be narrowed to the minimum pos-
sible.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are views schematically illustrating a
semiconductor device of a prior art. FIG. 1A is a cross-
sectional view. FIG. 1B is a plan view from a side indicated by
“A” in FIG. 1A.

FIGS. 2A-2C are views schematically illustrating an
example semiconductor device of an embodiment of the
present disclosure. FIG. 2A is an overhead view illustrating
the entirety of the semiconductor device. FIG. 2B is a cross-
sectional view along a B-B' line of FIG. 2A. FIG. 2C is a plan
view from a side indicated by “A” in FIG. 2B.

FIGS. 3A and 3B illustrate a variation of the semiconduc-
tor device illustrated in FIGS. 2A-2C. FIG. 3A is a cross-
sectional view. FIG. 3B is a plan view from a side indicated by
“A” in FIG. 3A.

FIGS. 4A and 4B illustrate another variation of the semi-
conductor device illustrated in FIGS. 2A-2C. FIG. 4A is a
cross-sectional view. FIG. 4B is a plan view from a side
indicated by “A” in FIG. 4A.

DETAILED DESCRIPTION

A semiconductor device of one embodiment of the present
disclosure will be described below with reference to draw-
ings. In all of the drawings, the same reference numerals are
used to represent equivalent elements.

First Embodiment

FIGS. 2A-2C are views schematically illustrating a con-
figuration of an example semiconductor device 200 of the
present embodiment. In particular, FIG. 2A is an overhead
view illustrating the entirety of the semiconductor device
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200. FIG. 2B is a cross-sectional view along a B-B' line of
FIG. 2A. FIG. 2C is a plan view from a side indicated by “A”
in FIG. 2B.

The semiconductor device 200 illustrated in FIG. 2A
includes a first semiconductor chip 1 which is disposed on a
lower side in a multilayer structure, and an extension 2
formed so as to outwardly extend from an outer circumferen-
tial wall (side surface) of the semiconductor chip 1. Connec-
tion terminals 4 are provided at a circumferential part of the
semiconductor chip 1 on an upper surface thereof, and an
RDL 50 including interconnects 51 for an access to functions
of'the semiconductor chip 1 through the connection terminals
4 is formed over the semiconductor chip 1 and the extension
2. Openings 541 are formed at a surface of the RDL 50 within
a region thereof above the extension 2. At each opening 541,
an electrode 16 for wire bonding is formed so as to be con-
nected to the interconnect 51. More specifically, the following
structure is employed.

The semiconductor chip 1 using silicon as its material
includes, at a surface thereof facing a second semiconductor
chip (not shown in the figure) stacked on the semiconductor
chip 1, a circuit providing electric functions. Moreover, the
semiconductor chip 1 further includes the plurality of first
connection terminals 4 and a plurality of second connection
terminals 5 for CoC connection to the second semiconductor
chip. Examples of the material of the connection terminals 4,
5 include metal materials such as aluminum and copper. Since
each connection terminal 4 is for the access from the RDL 50,
a pad for each connection terminal 4 is formed so as to have
a width of about 30-100 pm. On the other hand, the connec-
tion terminal 5 has, in order to allow bonding with a small
pitch, a width of about 10-30 um which is less than the width
of the connection terminal 4. The width of the connection
terminal 4 means the width of the connection terminal 4 along
a pad side substantially perpendicular to the direction in
which the RDL 50 extends from the connection terminal 4 to
the electrode 16.

The extension 2 is formed so as to cover the side surface of
the semiconductor chip 1 and to outwardly extend from the
semiconductor chip 1, and the material of the semiconductor
chip 1is an elastic body such as resin. The upper surface of the
semiconductor chip 1 and an upper surface of the extension 2
are flush with each other, and the RDL 50 including the
interconnects 51 for the access through the connection termi-
nals 4 is formed over the semiconductor chip 1 and the exten-
sion 2.

Referring to FIG. 2B, the RDL 50 includes a first insulating
layer 53, the interconnects 51 formed on the first insulating
layer 53, and a second insulating layer 54 formed on the first
insulating layer 53 such that the interconnects 51 are inter-
posed between the first insulating layer 53 and the second
insulating layer 54. For example, polyimide or poly benzox-
azole (PBO) is used for the first insulating layer 53 and the
second insulating layer 54, and a metal material such as
copper and aluminum is used for the interconnect 51.

Referring to FIGS. 2B and 2C, openings 531 are formed in
the first insulating layer 53 such that the connection terminals
4 of the semiconductor chip 1 are exposed through the first
insulating layer 53. Each interconnect 51 is formed so as to
cover a corresponding one of the openings 531. The connec-
tion terminal 4 and the interconnect 51 are connected together
atthe opening 531, and the access from the interconnect 51 to
the circuit of the semiconductor chip 1 is made. The intercon-
nect 51 for the access through the connection terminal 4 is
formed on the first insulating layer 53 so as to cross over a
boundary between the semiconductor chip 1 and the exten-
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sion 2 and to extend from the semiconductor chip 1 to the
vicinity of an outer edge of the extension 2.

In part of the second insulating layer 54 right above the
extension 2, the openings 541 at each of which a correspond-
ing one of the interconnects 51 is exposed through the second
insulating layer 54 are formed. Each electrode 16 is formed so
as to cover a corresponding one of the openings 541. The
interconnect 51 and the electrode 16 are connected together at
the opening 541.

For the electrode 16, a metal material such as nickel is used
as a base material. A material such as gold or palladium is
used at the outermost surface of the electrode 16. The elec-
trode 16 may have a typical width required for wire bonding,
e.g., a width of'about 30-100 um. A typical method for form-
ing the electrode 16 is electrolytic plating. A seed layer (not
shown in the figure) made of, e.g., titanium, tungsten, or
copper is formed at an interface between the second insulat-
ing layer 54 and the electrode 16 and an interface between
part of the interconnect 51 exposed through the opening 541
and the electrode 16.

Although the electrode 16 is formed so as to cover the
opening 541, the electrode 16 further extends toward an end
part of the extension 2, and is smoothly formed such that a
certain area required for bonding is ensured on the second
insulating layer 54. More specifically, the electrode 16 has a
bonding region rl in the vicinity of a bounding part of the
electrode 16 and the interconnect 51 in the opening 541, and
an outer region r2 positioned closer to the end part of the
extension 2 than the bonding regionr1 is to the end part of the
extension 2 and including a region 8 required for wire bond-
ing. In the outer region r2, wire bonding is performed. In this
state, the interconnect 51 continuously extends close to the
outer region r2, but is formed so as not to extend to a position
right below the outer region r2. In other words, the intercon-
nect 51 does not continuously extend to the position right
below the outer region r2. Moreover, the other metal materials
are not arranged right below the outer region r2, and only the
elastic bodies forming, e.g., the first insulating layer 53, the
second insulating layer 54, and the extension 2 are arranged
right below the outer region r2.

According to the present embodiment, in the semiconduc-
tor device 200, CoC connection between the semiconductor
chip 1 and the second semiconductor chip (memory chip)
with a small pitch of equal to or less than 40 um within the
region of the semiconductor chip 1 can be realized. Moreover,
the access using wire bonding connection can be made on the
extension 2. Thus, even if the second semiconductor chip is
larger than the first semiconductor chip 1, conditions for
conventional versatile wire bonding and pitch rules for con-
ventional versatile interposers can be used in such a manner
that only the size of the extension 2 is changed. As a result,
inexpensive packaging can be realized.

In the semiconductor device 200, each interconnect 51
does not extend to the position right below the outer region r2
of'a corresponding one of the electrodes 16 where wire bond-
ing is made, and mechanical properties of the first insulating
layer 53, the second insulating layer 54, and the resin exten-
sion 2 are substantially similar to each other. Thus, strain atan
interface between the first insulating layer 53 and the second
insulating layer 54 and an interface between the first insulat-
ing layer 53 and the resin extension 2 due to deformation
caused by, e.g., heat, a load, or oscillation upon bonding can
be reduced.

Since no interface between the less-adhesive interconnect
51 and each of the first insulating layer 53 and the second
insulating layer 54 is formed right below a bonding point,
physical damage at such an interface can be reduced even ifan

20

25

30

35

40

45

50

55

60

65

6

impact of bonding is transmitted. In particular, if the electrode
16 is made of metal containing nickel having a high elastic
modulus, adhesion is ensured by an influence of the seed layer
formed right below the electrode 16, and therefore the amount
of deformation of the electrode 16 itself is decreased. As a
result, damage at an interface between the electrode 16 and
the second insulating layer 54 can be reduced, and this can
contribute a lot to improvement of reliability of the semicon-
ductor device.

Further, in the semiconductor device 200, the electrode 16
may be formed so as to have the width d2 of the region 8
required for wire bonding together with the margin for mis-
alignment in bonding, and a margin for the opening 541 is not
necessarily taken into consideration. Thus, as compared to the
semiconductor device ofthe prior art as illustrated in FIG. 1B,
a space required for electrode arrangement can be narrowed,
and therefore the size of the semiconductor device can be
reduced.

(First Variation of First Embodiment)

Next, a first variation of the first embodiment will be
described. FIGS. 3A and 3B are views schematically illus-
trating a configuration of a semiconductor device 210 of the
present variation. FIG. 3A is a cross-sectional view, and FIG.
3B is a plan view from a side indicated by “A” in FIG. 3A.

In the first embodiment, the interconnect 51 does not
extend, referring to, e.g., FIG. 2B, to the position right below
the outer region r2 of the electrode 16, and no other meal
materials are provided. On the other hand, in the semicon-
ductor device 210 of the present variation as illustrated in
FIG. 3A, metal material parts 9 are discontinuously arranged
right below the outer region r2 of the electrode 16. At least in
this point, the semiconductor device of the present variation is
different from the semiconductor device of the first embodi-
ment. Referring to FIG. 3B, the region 8 of the electrode 16
required for bonding overlaps with the metal material parts 9
in a thickness direction of the semiconductor device 210.

The semiconductor device of the present variation is simi-
lar to the semiconductor device of the prior art as illustrated in
FIGS. 1A-1B are similar to each other in that strain between
the metal material and the first insulating layer 53 is caused
due to heat, a load, or oscillation upon wire bonding. How-
ever, an area where the discontinuously-formed metal mate-
rial parts and the first insulating layer 53 contact each other is
large, and therefore an influence of strain can be distributed
and reduced. Thus, physical damage such as detachment and
cracking is less likely to occur, and damage at the interface
between the electrode 16 and the second insulating layer 54
can be reduced. As in the first embodiment, this contributes a
lot to improvement of the reliability of the semiconductor
device.

The metal material part 9 may be made of the same material
as that of the interconnect 51, or may be made of a material
different from that of the interconnect 51. It is easier that the
metal material parts 9 and the interconnects 51 are formed in
the same process.

(Second Variation of First Embodiment)

Next, a second variation of the first embodiment will be
described. FIGS. 4A and 4B are views schematically illus-
trating a configuration of a semiconductor device 220 of the
present variation. FIG. 4A is a cross-sectional view, and FIG.
4B is a plan view from a side indicated by “A” in FIG. 4A.

In the first embodiment, the electrode 16 is substantially
smoothly formed over the bonding region rl and the outer
region r2 on the RDL 50. On the other hand, in the semicon-
ductor device 220 illustrated in FIG. 4A, a step is formed
between the extension 2 and each of the first insulating layer
53 and the second insulating layer 54, and therefore an elec-
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trode 26 is also in a stepped shape. In this point, the semicon-
ductor device of the present variation is different from the
semiconductor device of the first embodiment.

More specifically, an end part of the first insulating layer 53
is formed on an inner side relative to the end part of the
extension 2, and an end part of the second insulating layer 54
is formed on an inner side relative to the end part of the first
insulating layer 53. Thus, the extension 2 is exposed at an
outer circumferential part thereof. The electrode 26 extends
from the opening 541 to the exposed part of the extension 2
through the step forming the end parts of the first insulating
layer 53 and the second insulating layer 54, and therefore a
substantially flat region r3 is ensured on the extension 2.

In the present variation, the region 8 required for bonding
is, referring to FIG. 4B, ensured in the region r3 of the elec-
trode 26 extending over the extension 2, and the region 8 is
used for bonding. Thus, the interconnect 51, an interface
between the first insulating layer 53 and the second insulating
layer 54, and an interface between the first insulating layer 53
and the extension 2 are not positioned right below a bonding
point of the electrode 26. Thus, physical damage can be
further reduced. This contributes a lot more to improvement
of the reliability of the semiconductor device.

Although the end part of the second insulating layer 54 is
formed on the inner side relative to the end part of the first
insulating layer 53 in the present variation, the end part of the
first insulating layer 53 and the end part of the second insu-
lating layer 54 may be formed so as to be flush with each
other.

Although the embodiment of the present disclosure and the
variations thereof have been described, additional matters
employed commonly for the embodiment and the variations
will be described.

The interconnect 51 is formed by plating or sputtering, and
is made of metal containing copper or aluminum. On the other
hand, the electrodes 16, 26 for wire bonding are formed by,
e.g., plating, and use, e.g., nickel as a material having an
elastic modulus higher than that of the interconnect 51.

The extension 2 is disposed around four sides of the semi-
conductor chip 1 in the first embodiment, but the present
disclosure is not limited to such a configuration. For example,
the extension 2 may cover only a pair of opposing sides of the
semiconductor chip 1, or may extend from three sides of the
semiconductor chip 1. Alternatively, the extension 2 may also
cover a back surface of the semiconductor chip 1.

The range indicated by “about,” “substantially,” and “e.g.”
in each of the embodiment and the variations covers the range
understood by those skilled in the art, and includes errors in
the case of a typical manufacturing method.

In FIGS. 1B, 2C, and 3B, the insulating layer is not shown
for the sake of simplicity of description of the features of the
embodiment and the variations. In any of the embodiment and
the variations of the present disclosure, the insulating layer is
formed as a component.

The present disclosure has been described in detail above
with reference to the embodiment, the variations, and an
example manufacturing method. However, the present disclo-
sure is not limited to the foregoing. Modification or change
can be made without departing from the spirit of the present
disclosure. For example, replacement of one or more of com-
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ponents with a substitute(s) which has not been described
above can be made within the scope of the technique of the
present disclosure.
The technique of the present disclosure is applicable to a
wide range of electronic devices using CoC-type semicon-
ductor devices in each of which, e.g., resin is applied around
a lower semiconductor chip to expand such a chip.
What is claimed is:
1. A semiconductor device comprising:
a first semiconductor chip;
an extension formed so as to outwardly extending from a
side surface of the first semiconductor chip;
a connection terminal formed on the first semiconductor
chip;
a re-distribution part disposed over the first semiconductor
chip and the extension and including an interconnect
connected to the connection terminal and an insulating
layer covering the interconnect; and
an electrode formed above the extension on a surface of the
re-distribution part and connected to part of the inter-
connect exposed through an opening formed in the insu-
lating layer,
wherein the electrode is mainly made of a material having
an elastic modulus higher than that of the interconnect of
the re-distribution part,
the electrode includes
a bonding region where the electrode is bonded to the
interconnect at the opening of the insulating layer, and

an outer region closerto an end part ofthe extension than
the bonding region is to the end part of the extension,
and

the interconnect of the re-distribution part is formed so as
not to continuously extend to a position right below the
outer region of the electrode.

2. The semiconductor device of claim 1, wherein

the interconnect of the re-distribution part is not positioned
right below the outer region of the electrode.

3. The semiconductor device of claim 1, wherein

no metal is positioned right below the outer region.

4. The semiconductor device of claim 1, wherein

metal parts are discontinuously arranged right below the
outer region of the electrode in alayeridentical to alayer
of the interconnect.

5. The semiconductor device of claim 1, wherein

an end part of the re-distribution part is positioned on an
inner side relative to the end part of the extension,

part of the extension is exposed on an outer side relative to
the end part of the re-distribution part, and

the electrode is continuously formed over the insulating
layer of the re-distribution part and the exposed part of
the extension so as to extend over the end part of the
re-distribution part.

6. The semiconductor device of claim 1, wherein

the interconnect is made of a metal material containing
copper or aluminum.

7. The semiconductor device of claim 1, wherein

the electrode is made of metal containing nickel.

8. The semiconductor device of claim 1, wherein

a second semiconductor chip is mounted on the first semi-
conductor chip.



